Abstract
25
that pair-housed females had higher plasma androgen levels and tended to have higher plasma 26 corticosterone levels than group-housed females. In the current study we investigate whether these 27 differences in maternal social environment and physiology affect offspring sex allocation and 28 physiology. Counter to our expectations, we find no effects of the maternal social environment on 29 offspring sex ratio, sex-specific mortality, growth, circulating androgen or corticosterone levels. Also, 30 maternal corticosterone or androgen levels do not correlate with offspring sex ratio or mortality. The 31 social environment during reproduction therefore does not necessarily modify sex allocation and 32 offspring physiology, even if it causes differences in maternal physiology. We propose that maternal 33 effects of the social environment strongly depend upon the type of social stimuli and the timing of 34 changes in the social environment and hormones with respect to the reproductive cycle and meiosis. 
Introduction

281
To analyse the effect of the maternal social environment and maternal hormones on 282 offspring sex ratio and mortality, generalized linear mixed models with a binomial distribution and 283 logit link function were fitted. Models included the maternal social environment as a fixed effect.
284 Additionally, models of offspring mortality included a fixed effect of offspring sex and its interaction 285 with the maternal social environment. We tested for a sex-ratio bias in each of the maternal social 286 environments, where a significant effect of the intercept on the logit scale indicates a deviation from 287 parity. Finally, we tested for non-random (extra-binomial) variance of sex-ratios using simulations 288 (see Postma et al. 2011 ). We generated a distribution of 1000 expected clutch sex ratios based on 289 the observed mean sex ratio and the number of offspring from each mother or each maternal cage 290 (for embryos whose parentage was not assigned) and compared whether the observed variance in 291 sex-ratios fell outside the upper confidence interval (overdispersion) or lower confidence interval 292 (underdispersion) of the simulated data. We then analysed the effects of maternal hormones on 293 offspring sex ratio and mortality using separate models, either with maternal baseline plasma 294 androgen or with baseline plasma CORT levels as fixed effects. Maternal treatment was not included 295 in these models to avoid multicollinearity because maternal hormones differed according to 296 maternal treatment.
297
General linear mixed models were used to analyse the effect of the maternal social 298 environment and offspring sex on egg mass, offspring mass and offspring circulating hormone levels 299 (T at hatching and CORT during the ACTH challenge). Normality of the residuals from all general 300 linear mixed models was assessed visually using histograms and Q-Q plots. To achieve normality and 301 equal variances, we transformed values for offspring plasma CORT levels (square root) and body 302 mass (natural log). Again, fixed effects included the maternal social environment, offspring sex, and 303 their interactions. In addition, models of offspring growth included a categorical fixed effect of age 304 (in days) to model the increase in weight with age. The models also included all two-way and three-305 way interactions of age with the maternal social environment and sex to test whether the weight 306 increase with age differed between treatments and sexes. Age was treated as a categorical fixed 307 effect because offspring mass was measured at only three time points (day 0, day 9 and day 19).
308
Models analysing effects on plasma CORT during the ACTH challenge included a fixed effect of 309 sample (pre or post-challenge) to test whether CORT increased in response to the challenge. The 310 models also included all two-way and three-way interactions of sample with the maternal social 311 environment and offspring sex to test whether the response to the challenge differed between 312 treatments and sexes. In addition, the models on plasma CORT included as a covariate the time it 313 took to collect the first sample after the initial disturbance of opening the cage.
314
Maternal cage was included as a random effect in all models, to control for potential non- 
392
We did not find evidence that the maternal social environment (pair versus group housing) 393 affects offspring sex ratio in Japanese quail, even though pair-housed females had increased 394 circulating androgen levels and a non-significant trend of higher cortisol levels compared to group-395 housed females, as reported in our previous study (Langen et al., 2017 0.716 Estimates are given on the square root scale. Maternal pair-housing is coded as 0, maternal grouphousing is coded as 1. Female offspring are coded as 0, male offspring are coded as 1. The baseline sample in the ACTH challenge is coded as 1, the post-ACTH sample is coded as 2. a estimates and statistics are from the last model that still included the variable or interaction. b offspring ID nested within maternal ID nested within maternal cage c maternal ID nested within maternal cage d offspring ID nested within offspring cage e variance parameters estimated as zero in the model
